This report describes a 12 year 10 month old girl with short stature and a non-mosaic 46,X,Xp + karyotype. Her height remained below -2 SD of the mean, and her predicted adult height (143 cm) was below her target height (155.5 cm) and target range (147-5 cm-163-5 cm). Cytogenetic and molecular studies showed that the Xp + chromosome was formed by an inverted duplication ofthe Xp2l.3-Xp22.33 segment and was missing about 700 kb of DNA from the pseudoautosomal region distal to DXYS 15. The results provide further support for the previously proposed hypothesis that the region between DXYS20 and DXYS15 is the critical region for a pseudoautosomal growth gene(s). (J Med Genet 1995;32:831-834) 
Although genotype-phenotype correlations in patients with partial monosomy of the pseudoautosomal region (PAR) suggest that the region between DXYS20 and DXYS15 is the critical region for a pseudoautosomal growth gene(s) (P growth gene(s)),' the assignment is primarily based on the report of a single patient with short stature and a terminal deletion of the PAR distal to DXYS15.2 Here, we describe a Japanese girl with short stature and a rearranged X chromosome. Genotype-phenotype correlation of this girl provides further support for the assignment of the critical region for the P growth gene(s).
This girl was the 48-0 cm (mean -08 SD) and 2-2kg (mean -2-2SD) product of an uncomplicated term pregnancy. Her postnatal course was uneventful, and menarche occurred at 11 years 3 months of age. At 11 years 8 months, she was seen at Toranomon Hospital because of short stature. Physical examination showed no abnormality except for proportionate short stature. Secondary sexual development was appropriate for her age (Tanner stage: breast 4, pubic hair 3). Mental development appeared normal. Routine laboratory tests were normal, as were endocrine and radiological studies for short stature. At present, she is 12 years 10 months old and has regular menses.
The growth chart of the patient is shown in fig 1. Her height remained below -2 SD of the mean height of normal Japanese girls.3 Furthermore, her predicted adult height (PAH, a child's final height as predicted from biological data of the child) was below her target height (TH, a child's final height as predicted from the parental height) and target range (TR, 95% confidence interval of TH). PAH was determined as 143 cm (mean -2 7 SD) by the method of Ito and Yokoya,4 and TH and TR were obtained as 155-5 cm (mean -0 3 SD) and 147-5cm-163*5cm (mean -1-8 SDmean + 1 2 SD), respectively, by the equations of Ogata et al.5
The patient's karyotype was 46,X,Xp + in all the 263 lymphocytes analysed. High resolution G banding6 indicated that the Xp + chromosome was formed by an inverted duplication of the Xp2l.3-Xp22.33 segment (fig 2). R banding (RBG)7 showed that the Xp + chromosome was late replicating in 76 of 101 lymphocytes examined and the normal X chromosome was late replicating in the remaining 25 lymphocytes. Fluorescence in situ hybridisation analysis using an X chromosome specific cocktail mixture of probes covering the entire X chromosome8 detected positive signals on the entire Xp + chromosome. The parents had a normal karyotype.
To determine whether the Xp + chromosome was associated with a deletion of the PAR, Southern blot analysis was performed on the patient, the mother, and normal controls. and present in a single copy. The comparison of band intensity using the band for autosomal TK gene as an internal control indicated that, in the patient, DXYS60, DXYS87, DXYS 161, DXYS28, and DXYS59 were present in a single copy, whereas DXYS15, CSF2RA, DXYS17, and MIC2 were present in triple copies.
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The results indicate that the Xp + chromosome was formed by an inverted duplication of the Xp2l.3-Xp22.33 segment and was miss-A-PAH ing the distal part of the PAR. It is inferred that the Xp + chromosome was generated during maternal meiosis (fig 4) . Sine the Xp + chromosome was the sole discernible abnormality, it is probable that the short stature of our patient was caused by the Xp + chromosome. The most pertinent explanation for the short stature would be to postulate that the P growth gene(s) is deleted or disrupted in our patient.
In this context, it is noteworthy that the Xp + chromosome is missing only about 700 kb of DNA from the PAR distal to DXYS 15 (table) .
The result is consistent with the notion that the region from DXYS20 to DXYS 15 is the critical region for the P growth gene(s).' Furthermore, the difference between PAH and TH of our patient is in close agreement with the adult height difference between 13 females with 46,X,del(X) (p22.32) and nine females with 46, XX in the two pedigrees reported by Curry et al'3 (154-1 (SD 4 9) cm v 166-3 (SD 4.0) cm, p<l 0-5). This would also be compatible with the P growth gene(s) being impaired in our patient. Although it might be possible that the 0 P growth gene(s) is preserved on the Xp + chromosome but is subject to a position effect or to an abnormal spreading of X inactivation, as has been suspected for large Xqchro- By contrast, other factors relevant to the Xp + chromosome are unlikely to explain the short stature adequately. First, several genes on the duplicated segment could affect stature because of the dosage effect. In this regard, genes escaping X inactivation would be present '2 in three active copies in all somatic cells, and genes normally subject to X inactivation would be present in two active copies in somatic cells with the active Xp + chromosome. However, height comparison between white patients with 45,X (143-3 (SD 6 4) cm, n= 130), 46,XX (162X2 (SD 6 0) cm, the British standard), and 47,XXX (1 67X9 (SD 7-7) cm, n = 19)15 argues against the X chromosome carrying a gene(s) escaping X inactivation that has a growth suppressing effect, and there is no evidence for the presence of a gene(s) subject to X inactivation that acts as a growth suppressor. Second, chromosome imbalance would cause global non-specific developmental defects, exerting a disadvantageous effect on statural growth.'5 However, it appears difficult to ascribe the short stature to chromosome imbalance alone. (1) If the P growth gene(s) is preserved on the Xp + chromosome, it would be present in three copies, and 47,XXX patients with three copies of the the P growth gene(s) are taller than normal the females.'5 Thus, unless the P growth gene(s) is impaired, somatic cells of our patient, at The copy number of pseudoautosomal loci analysed in the present study The copy number of DXYS14 is determined by the RFLP pattern (see fig 3) , and that of the remaining loci is based on the band intensity analysis using a laser densitometer (ACD-250DX, ATTO). The values in parentheses represent the ratio of the band intensity between each locus and autosomal TK gene. . Although comparison of intensity for the TK gene indicates that the DNA loaded is similar between and the mother, the band intensity for DXYS59 is weaker in the patient th mother and that for DXYS15 is stronger in the patient than in the mother. intensity pattern for the three loci is similar between the mother and the nor (3) EcoRI digests hybridised with 601 (DXYS1 7, upper panel) and the pr autosomal TK gene (lower panel) (same filter). Although comparison of the for TK gene implies that the DNA loaded is similar between the four subjec intensity for DXYS17 is stronger in the patient that in the mother and the subjects. 
